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RECHARGEABLE BATTERY POWER 
SUPPLY OVERCHARGE PROTECTION 

CIRCUIT 

TECHNICAL FIELD 

This invention relates generally to power Supplies com 
prised of one or more rechargeable batteries and more 
Specifically to power Supplies having protective circuitry 
means for preventing battery overcharge. 

BACKGROUND OF THE INVENTION 

In motive and Standby applications, battery modules or 
cells are connected in Series to provide desired Voltage levels 
for various applications. Most of these battery Systems in use 
today are operating without individual battery cell manage 
ment. However, placing battery cells in Series presents a 
problem with respect to the reliable and efficient recharging 
of the cells, Specifically the overcharging or undercharging 
of the individual cells. Overcharged cells lose service life 
while undercharged ones fail to have their prescribed energy 
Storage capacity. 

Different battery cells loose their charges at different 
rates. Also, different cells have uneven leakage current, 
thereby yielding different shelf lives. For optimal battery 
performance it is best to charge all cells to the same Voltage, 
while not overcharging any cell within the String. The 
importance of preventing overcharging varies with different 
types of batteries. For example, nicad batteries can be 
overcharged Somewhat without causing damage to the bat 
tery. Thus, battery charging Systems for nicad batteries have 
been devised which simply charge the battery without moni 
toring its charge and rapidly removing the battery from the 
charging System upon its becoming fully charged. However, 
other types of batteries, Such as lithium ion batteries, are 
very Sensitive to overcharging and become damaged 
thereby. Hence, these types of batteries cannot be used with 
nicad battery chargers without causing damage. 

Unequalized charge State problems with individual bat 
tery cells in a String have been addressed previously. For 
example, individual battery cells have been monitored and 
charged first with a main charger and then individually 
charged using a relatively Smaller independent charger, an 
example of such is that shown in U.S. Pat. No. 5,438,250. 
This method of charging batteries is inefficient and incapable 
of charging a String of batteries with a Single power Source. 

Another method of battery management has been to use 
Zener diodes to shunt current about fully charged individual 
cells, as shown in U.S. Pat. No. 4,719,401. Zener diodes 
however do not have a user Selectable Voltage level. 
Additionally, Zener diodes have a leakage current of 
approximately 0.5 mA. A leakage current of this magnitude 
is often unacceptable as it significantly reduces the shelf life 
of the battery. Also, Zener diode circuits cannot be easily 
adapted to charge different Voltage batteries. AS this restric 
tion limits the Zener diode circuit to one shunting Voltage, 
the charger can only recharge batteries of one Selected 
maximum voltage. However, it may be desired to have a 
charging circuit which may accept and recharge batteries of 
different potential capacities. 

Battery recharging apparatuses have been designed 
wherein a battery shunting circuit is controlled through a 
series of diodes or a transistor, as shown in U.S. Pat. No. 
5,387.857. With a series of diodes, the diodes are connected 
in Series acroSS the battery cell. Voltage is Set to the 
maximum level of the fully charged battery cell. This 
arrangement however has a leakage current in the order of 
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milli-amps before the diodes are turned on. This large 
leakage current Significantly reduces the shelf-life of the 
battery. Also, the Voltage acroSS each forward biased diode 
is approximately 0.6 volts to 1.2 volts depending upon the 
current acroSS it. This wide variation in Voltages make it 
difficult to use Several diodes to Set a precise Voltage level 
to protect a specific battery cell. Additionally, if the maxi 
mum Voltage of a cell is large, it is impractical to use many 
diodes in Series to bypass merely one cell. 
With the transistor embodiment of U.S. Pat. No. 5,387, 

857, resistors are connected as a Voltage divider acroSS the 
battery cell. The divider sets the turn-on state of a transistor, 
which is shunted across the battery cell. To make the 
transistor bypass a large current, on the order of hundreds of 
milli-amps, as may be the case when the battery cell is fully 
charged, the resistors should be Small enough to drive the 
transistor's base current to Several milli-amps. These Small 
resistors produce a very large leakage current acroSS the 
battery cell. Thus, both these embodiments too are plagued 
with a large leakage current acroSS the battery cell which 
significantly reduces the shelf-life of the battery. Also, when 
the transistor is turned on, the Voltage acroSS the collector 
and the emitter changes depending on the collector current. 
AS Such, it is difficult to Set a precise Voltage level. 
Additionally, the transistor has a Slow turn-on Speed which 
may lead to transient overcharging of a battery cell. 

It thus is seen that a need remains for a rechargeable 
power Supply that has efficient overcharge protection. 
Accordingly, it is to the provision of Such that the present 
invention is primarily directed. 

SUMMARY OF THE INVENTION 

Briefly described, a rechargeable power Supply comprises 
a String of rechargeable batteries Such as lithium ion batter 
ies. Each battery in the String has a shunt circuit connected 
acroSS it that includes a shunt regulator with its reference 
Voltage terminal operatively coupled to the battery, prefer 
ably via a Voltage divider that is connected acroSS the 
battery. The power Supply also has a bypass circuit con 
nected across the battery String by means of another shunt 
regulator. With this construction, once individual batteries in 
the String become fully charged the recharging current is 
shunted around them through its shunt circuit while the other 
batteries continue to be recharged. Once the entire String is 
fully charged, the recharge current passes through the bypass 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a rechargeable power Supply 
overcharge protection circuit illustrating principles of the 
invention in a preferred form. 

FIG. 2 is a graph illustrating a comparison between 
operations of a Zener diode type battery overcharge protec 
tion circuit and the battery overcharge protection circuit of 
FIG. 1. 

FIG. 3 is a table of values of the components of the battery 
overcharge protection circuit of FIG. 1. 

FIG. 4 is a circuit diagram of the shunt regulator in the 
circuit of FIG. 1. 

DETAILED DESCRIPTION 

With reference next to the drawing, there is shown in FIG. 
1 a rechargeable power Supply overcharge protection circuit 
having a plus terminal 12 and a negative terminal 13. A 
string of rechargeable batteries 15, 16 and 17 is connected in 
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Series circuit acroSS the terminals through a diode D1. 
Preferably, each of the batteries is a lithium ion type battery. 
A Voltage divider 21 is Seen to be connected acroSS each of 
the batteries and to be comprised each of a resistor R7 and 
a resistor R8. A current shunt circuit is also connectable 
acroSS each of the batteries and the Voltage divider. Each of 
the shunt circuits is seen to include a current limiting resistor 
R6 and a shunt regulator 20. The shunt regulator has its 
reference Voltage terminal connected to its accompanying 
voltage divider between the two resistors R7 and R8. The 
power Supply also has a bypass circuit connected acroSS the 
battery string which includes resistors R2 and R3 and 
another shunt regulator 23. The bypass circuit also has a 
another voltage divider which includes resistors R4 and R5 
which are connected across the resistors R2 and R3 and the 
shunt regulator 23 through a transistor Q1. The bypass 
circuit is seen to be connected acroSS the battery String 
through another diode D2. Each of the shunt regulators 20 
and 23 is preferably in the form of a Zener shunt regulator 
such as a ZR431C made by Zetex Inc. of Commack, N.Y. as 
shown in FIG. 4. 

In operation, the terminals 12 and 13 are connected acroSS 
a recharger to recharge the battery String. Upon being 
connected acroSS the recharger, each of the rechargeable 
batteries 15, 16 and 17 receives the charging current. Charg 
ing of each of the batteries continues until any of the 
batteries in the String reaches its fully charged potential. 
Once an individual battery reaches its fully charged potential 
the shunt regulator 20 and its shunt circuit is activated by its 
referenced Voltage having now reached its point of opera 
tion. AS shown in the drawing, this reference Voltage is leSS 
than the fully charged Voltage of the battery because it is 
connected to the Voltage divider. This is done for ease in 
Selection of the shunt regulator Since a mismatch between its 
reference Voltage and that of the fully charged potential of 
the battery can be adjusted by means of the selection of the 
values of the resistors in the Voltage divider and the ease of 
changing the resistance of the divider to enable the current 
to recharge batteries of different maximum voltages. When 
the shunt regulator 20 is actuated, the shunt circuit is then 
connected across the battery whereby current then flows 
through the shunt regulator around the fully charged battery 
rather than through the battery, Since its resistance is far leSS 
than that of the battery itself. Prior to this time very little 
current has flowed through the relatively high resistance 
Voltage divider associated with that particular battery. 
AS the other batteries reach their fully charged condition, 

the same events occur in that Such is Sensed by its associated 
shunt regulator whereupon the low resistance shunt circuit 
around the battery is coupled acroSS the battery thereby 
diverting the recharging current from the battery to its shunt 
circuit. This continues until the entire String has reached its 
fully charged State. When this occurs the bypass circuit is 
actuated whereupon current is thereafter diverted around the 
entire String of batteries, and each of their shunt circuits, 
through the bypass line comprised of the resistors R2, R3 
and the shunt regulator 23. Once again, this is activated by 
means of the reference Voltage input to the Shunt regulator 
23 achieving a preselected value which is in proportion to 
the Voltage across the entire battery String. Once again, this 
Voltage here is less than that across the entire Voltage 
because of the inclusion of the voltage divider resistor R4, 
and R5. The voltage divider resistor R4, and R5 are again 
employed for ease in the Selection and matching of the 
reference voltage of shunt regulator 23 to that of the battery 
String. Upon actuation of the shunt regulator 23, the Voltage 
at the base of the transistor Q1 decreases turning transistor 
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Q1 off. The emitter current of transistor Q1 decreases 
Significantly and thereby prevents the total protection circuit 
from wasting energy. 
When the circuit terminals 12 and 13 are coupled to a load 

and the batteries discharged, the discharging current flows 
from the battery cells 15, 16 and 17 to terminal 12 through 
diode D1. 

The just described battery protection circuit produces a 
leakage current which is generally less than 50 uA. It should 
be noted that this value is one tenth of the prior art leakage 
current shown in U.S. Pat. No. 4,719,401 which uses Zener 
diodes to shunt a battery cell. FIG. 2 illustrates a comparison 
between the battery protection circuits utilizing Zener diodes 
and those using shunt regulator circuit. The shunt regulator 
battery protection circuits produce a much Smaller leakage 
current acroSS the entire range of battery cell Voltages. This 
advantage allows for greater shelf life of shunt regulator 
battery circuits as compared to Zener diode battery protec 
tion circuits. 

It should also be noted that by using shunt regulators 
rather than Zener diodes the value at which the shunting 
circuit or loop is activated can be precisely Set and changed 
by simply changing the resistance of resistors R7 and R8. 
Conversely, Zener diodes have a specific, constant turn on 
Voltage, and as Such it is impossible to use the same Zener 
diode as a shunting element for battery cells of different 
maximum Voltages. Thus, the present invention allows 
greater flexibility in charging batteries of different maximum 
Voltages by Simply providing different resistances to the 
shunt regulators. 

Zener diodes have the limitation that in order to have 
Sufficient current flow to prevent overcharging at the desired 
battery Voltage, it must have significant current flow at lower 
Voltages. This bypass current flow under Some conditions 
can be Sufficiently high Such that there is inadequate current 
to the battery to achieve a full charge. This problem does not 
occur with the just described embodiment. 
The advantages of the Shunt regulator type battery pro 

tection circuit is also a distinct advantage of battery protec 
tion circuits using transistors, as shown in FIG. 5 of U.S. Pat. 
No. 5,387.857. In order to make a transistor bypass the 
batteries a large current, in the order of hundreds of milli 
amps, must be used. This is accomplished through the use of 
Small resistance resistors at R2 and R3 of U.S. Pat. No. 
5,387.857. However, these small resistors will produce a 
very large leakage current acroSS the battery cell which will 
be in the order of milli-amps. Again, this significantly 
reduces the shelf life of the battery. In the present invention, 
the resistors which are connected as Voltage dividers may be 
made very large So that the leakage current therethrough is 
insignificant. It should also be noted that the turn on Speed 
of the transistor is much slower than that of the shunt 
regulator. Therefore, once again the battery protection cir 
cuit utilizing the shunt regulators is more precise that those 
utilizing transistors. This precision prevents the accidental 
overcharging of the battery cells. 

It thus is seen that a means is now provided for protecting 
an battery cell or the individual battery cells of a battery 
String from being excessively charged and without creating 
a significant leakage current. It should of course be under 
stood that many modifications may be made to the Specific 
preferred embodiment described herein without departure 
from the Spirit and Scope of the invention as Set forth in the 
following claims. 
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We claim: 
1. A rechargeable power Supply comprising a recharge 

able battery and means for protecting Said battery from 
being excessively charged during a recharge mode of 
operation, and with Said battery protecting means compris 
ing a Voltage divider connected acroSS Said battery, and a 
shunt circuit connected acroSS Said battery that includes a 
shunt regulator operatively coupled with Said Voltage 
divider, a Second rechargeable battery connected in Series 
with Said rechargeable battery, a Second Voltage divider 
connected acroSS Said Second rechargeable battery, and a 
Second shunt circuit connected acroSS Said Second recharge 
able battery that includes a Second shunt regulator opera 
tively coupled with Said Second Voltage divider, Said Second 
shunt circuit is also connected in Series circuit with Said first 
shunt circuit, a current bypass circuit and means for coupling 
Said current bypass circuit acroSS Said first and Second 
Voltage dividers in response to Said first and Second 
rechargeable batteries both being recharged to Said prese 
lected fully charged potentials, whereby upon said battery or 
Said Second battery being charged to a preselected potential, 
current is shunted about the charged battery through the 
shunt circuit coupled thereto. 

2. A rechargeable power Supply comprising a String of 
rechargeable batteries having a plurality of rechargeable 
batteries connected in Series circuit a plurality of battery 
shunt regulators with each battery shunt regulator connected 
acroSS a different one of Said rechargeable batteries, a bypass 
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circuit connectable acroSS Said battery String that includes a 
shunt regulator having its reference Voltage terminal opera 
tively coupled with Said battery String for connecting Said 
bypass circuit acroSS Said battery String upon said battery 
String being charged to a preselected fully charged potential, 
and a bypass Voltage divider connected acroSS Said battery 
String and wherein Said bypass circuit shunt regulator is 
connected to Said bypass Voltage divider. 

3. The rechargeable power Supply of claim 2 wherein Said 
plurality of battery shunt regulators is connected in Series 
circuit to provide a String of battery shunt regulators, and 
wherein Said String of battery shunt regulators is connected 
acroSS both Said battery String and Said bypass circuit. 

4. A method of charging or recharging a String of 
rechargeable batteries which comprises the Steps of passing 
current through each battery until each battery reaches its 
fully charged State, independently shunting recharge current 
around each fully charged battery by operation of a shunt 
regulator, and shunting the recharge current around the 
battery String once all of the batteries are fully charged by 
operation of another shunt regulator. 

5. The method of claim 4 wherein recharge current is 
independently shunted around each fully charged battery 
through a circuit, and where recharging current is shunted 
around the battery String through a circuit. 


